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Fig. 1b* 

FIGURE 1 
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FIGURE 4 




Fig. 5c 
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FIGURE 7 
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55.01S9 

A METHOD AND APPARATUS FOR COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS OR THE LIKE 

The invention relates to the field of petroleum service and supply industries* and more 
partkularty to completing wc^ 

While drillmg a taking place, the integrity of a well is controlled by a drilling mud of density 
that needs to be adjusted 10 that the hydraulic pressure of the mud column opposes the leaks 
from the formations while simultaneously avoiding damaging the underground formations by 
fracturing them. When the drilled depth exceeds a certain value, the pressure difference due to 
the difference in depth is such that it is no longer possible to formulate a mud capable of 
performing its function over the entire length of the wefl, so to prevent coDapse of the wall, h 
is necessary to fine the hole with metal casing. For this purpose, a certain number of casing 
tubes are placed end to end and lowered down the wetl, and are fixed to the wall of the wdl by 
cementing. Thereafter, drilling can continue down to the next critical depth 

Each newly-drilled length must be fined wrm casing tfoutato 

pass through the casing that is already m place at shallower depths. As a result the casing has i 
staircase structure with a hole that is large at the top of the wefl and much narrower at the 
bottom of the weH Such a configuration is far from optimal: a Urge hole at the surface means 
that drilling time must be wasted in a non-productive zone, whereas a narrow hole in the 
useful rones docs not frvor production by good draining of the formation. 

Worse still, it often happens that the hole passes through unexpected critical zones even before 
boring has reached a critical depth. Such critical zones may, for example, be veins of very 
friable rock or "pockets* of gas which, even though they are usually very localized, constitute 
major sources of danger both for the wefl and for the work force on the surface. Under such 
circumstances, the only solution is often to cement these zones by putting casing into place 
immedSatefy, thereby farther reducing the size of the bote, which can lead to a weO being 
abandoned if further difficult zones are encou n t e red as drilling continues. 
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It will also be understood that it is very difficult to repair damaged casing by installing new 
casing, without further significantly reducing the size of the hole and thus running the risk of 
preventing penetration of certain tools or herns of equipment that may be needed in the 
production zones, for example. 

Over the last few years, the industry his developed new techniques of completing wells or of 
completing them ternpofaruy, so as to raimmne the number of •steps - and to increase the 
downhole diameter of the weH 

Proposals have thus been made to uses composite material comprising in expandable doth 
made of glass fibers impregnated with i»tH>olymerized epoxy resin and having a rubber 
membrane covering its outside free which is directed towards the wall of the hole. By using sn 
appropriate laying tool, the membrane is applied against the wafi of the hole or a damaged 
portion of casing, and the resm » caused to polymeria b^ 

that technique is that it requires electrical power of the order of 1000 watts per linear meter, 
thiuErm^ittappficati^ 

of synthetic material cannot constitute a final replacement for metal casing since that needs to 
be capable, mrjaitkuto 
that are particularly corrosive. 

US Patent 5 348 095 proposes making casing out of a oonmitt^ 

capable of withstanding targe amounts of plastic deformation. Hie tube is enlarged by a 

corneal tool, and it can optionally be cemented. However, expansion of the tube is 

accompanied by a reduction m the total letigm of 

probienisatthcenc^Fu^ 

US Patent 5 366 012 proposes a perforated finer provided with overlapping loqgtoxfinal slots. 
A mandrel having a Urge diameter that is greater than the inside diameter of the perforated 
finer is used to expand the waB of the finer and the orifices become larger. Fmer-*emforced 
cement can th« be cast on eito 
the finer b bored again, thereby leavmg a casi^ 

reinforcement. The need for farther boring after cementing constitutes a major drawback of 
that technique- In addition, in the above-merrianed case, the pressures reqmred for expanding 
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the tube are quite high and the final length of the finer is reduced. Finally, the slots must be 
pierced in compliance with very precise specifications, which leads to a manufacturing cost 
that is high. 

An object of the present invention is a novel type of expandable casing that does not present 
the above-mentioned drawbacks of the art 

According to die invention* tins object is achieved by a finer for completing a hole in an 
underground formation, the liner being constituted by a spiral -wound strip of spiral cross* 
section, its longitudinal edges having comple men tary touching profiles such that after 
expansion the finer is circular in section. 

To complete a well, the spiral tube is lowered to the bottom of the hole and its walls are 
spread by means of a placement tool, eg. a corneal tool, so as to place the k>ngitudinal edge m 
a touching position where they form a cylinder. A closed continuous finer is thus obtained 
which can be cemented in conventional manner without the cement invading the inside of the 
liner, and thus without there being any need to bore inside the casing. It should be observed 
that the spiral-wound casing of the invention is particularly a d a pted to ce m en ti ng weQs that are 
horizontal or multMateral, given ha small diameter in its contracted state which lends itself 
wel to being installed in narrow weQs or m weus of trajectory that impedes the lowering of 
traditional casing segments. 

The finer of the invention is also well adapted to provisionally completing problem zones. In 
any event the hole may optionally be enlarged in the difficult zone and a spiral finer whose 
diameter after expansion is dose to the diameter of the hole before enlargement may then be 
put into place and cemented. Thereafter, drifting can continue and the entire column, including 
the xoojo that has already been comple te d, is subsequently completed m conventional manner. 

The spiral casing of the invention cm also be used for repairing casing that has been damiged, 
since the outside diameter of the spiral casing after expansion era 
very slightly less the inside diameter of the casing that is already in pUce. 

The spiral-wound strip preferably has chamfered longitudinal edges that define contact 
surfaces whose general direction lies in a plane which forms a non-zero angle relative to the 



09/18/2000 18:23:13 page -9- 



longitudinal axis of the finer. Also preferably, the longitudinal edges have a crenellated section 
to provide mechanical engagement at a predetermined diameter. 

In a more particularly preferred variant of the invention, the liner is obtained by rolling up a 
strip about an axis that is at a certain angle relative lo the axis of symmetry of the strip. Under 
such drcumstances, when the liner is in the contracted state, it has edges which form a double 
helix around the cylinder. If the period of the hefcc b appropriately chosen, then a geonxtrical 
figure is obtained whose krigm aw* altered by exparm 

Trie Ener of the invent w 

coiled tubing. In order to complete sections that are of great length, it is possible to weld 
together a plurality of sheets, either during numufceturc of tte 
using the coiled tubing technique, or else cfirectry on site. 

The Hner of the invention can be inade of metal, e.g. steel or any other material having the 
desired degrees of elasticity an^ 

is selected, and providing it has not been cemented, then the Hner of the invention can 
optionally be removed, thus nuking temporary placements possible. 

Other details and advantageous characteristics of the invention appear from the following 
description given with reference to the figures, in which: 

• Rgure 1 u a diagrainmatw vi w 

after expansion, shown in perspective (Figures la and lb) and in end view (Figures la' and 
W>; 

-Figure 2 shews an expansion tool; 

• Figure 3 shows an example of rnechamcal engagement using toothed edges (Figures 3a to 
3d) and shows various profiles for such toothed edges; 

• Figure 4 is a perspective view a lii*erm the contract 
with toothed sections; 
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■ Figure 5 shows a finer of the invention hiving longitudinal edge* constituting a double hefix, 
seen in perspective in the contacted state (Figure 5a), after expansion (Figure 5b\ and in 
longitudinal section (Figure Sc); 

* Figure 6 shows an example of temporary completion using a liner of the invention; 

- Figure 7 shows a typical sequence for completion of a production zone; and 

- Figure S shows a variant oft finer of the invention that a perforated and fitted with a sand 
screen. 

The concept of the invention is shown in Rgure 1. A strip, eg. a metal strip, is spiral-wotmd 
(Figures la and la 1 ) with overlap over an angle A. After expansion, the finer is circular in 
section and its longitudinal edges come into contact to constitute a dosed peripheral surface. 

If the winding follows an Archimedes 1 spiral, then writing £ for the thickness of the strip and 
Dc for the pseudo-dameter of the spiral-wound strip in the contracted state, the value De of 
the diameter after expansion is given by the following equation: 



where A, the overlap angle, b expressed in radians, and where the lengths De, Dc, and £ are 
expressed m the same units. 

With an overlap of 90* as shown in Figure la, a liner hiving an outside diameter De of 17 8 
cm (7") and a thickness £ of 9.5 ram (3/8 of an inch) is contracted to a diameter Dc of 14.9 cm 
($.86"). For an overlap of 180*, the expansion is close to 5014. 

By way of example, the tool for expanding the finer of the invention can be constituted by a 
double cone assembly as shown (fisgrarnmiticaOy in Figure 2, having a first end 10 suitable for 
being fixed to the end of a coiled tube or of a string of rods, and a second end 11 of diameter 
similar to that of the spiral-wound finer in the contracted state, thereby enabling the spiral- 
wound finer to be pushed to the rone which is to be completed. The expansion tool also 
includes an enlarged rone 12 of outside diameter dose to the inside diameter of the liner after 




09/18/2000 18:23:13 page -11- 



it has been expanded. The enlarged zone 12 is preferably capable of bong retracted at least in 
part by remote control means such as hydraulic pressure, mechanical meant, or a combination 
of auch means ai is conventiona] for placement tools as used in wells. 

In the variant of the invention shown in Figure 3, the complementary longitudinal edges are 
given teeth so as to form a mechanical lock As can be seen more particularly in Figures 3a to 
3d, a toothed edge, in this case an edge having three teeth, can provide effective engagement 

It may also be observed mat the longitudinal edges have a contact area feeing m a general 

direction T> at a «m-zero angfe rdatrve to An 
angle of about 45\ and croge^ 

Other variant toothed profiles are shown in Figure 3 e. The number of teeth can be increased, 
or on the contrary, decreased, and it is possible to select profiles that are nearer to being 
square so as to achieve engagement that is closer to being of the tenon and mortise type. In aH 

of the examples shown in Figure 3, the toothed edges follow a general direction D at a 
certain angle relative to the normal to the longitudinal axis of the Kner. The profile selected is 
preferably such as to nttromxze radial fiictic* forces that tend to oppose s&fing of the two 
cofnpknsentary portions. As shown in Figure 3 e, the elastic forces Fa and Fb that result from 
expanding the spiral- wound finer create radial friction forces Fc and Fd which tend to move 
the edges apart This separation force can be ntininuzed or even elirninated by qrtumzing the 
shape of the teeth. 

The fc^ Fa and Fb which assist 

angle A of the finer in the contracted position. Nevertheless, too much overlap also tends to 
irjcreasethe radiil forces so that a balance roust be found between the desired coefficient of 
expansion and mechanical locking. 

The finer is expanded into the shape of a cone of dmrasions that depend essentially on the 
geometry of the spiral-wound finer and on its elasticity, and to a smaller extent on the apex 
angle the coincal exr^nsk^ 

an expansion tool constituted by a cone whose apex angle is dose to that of the -natural" 
expansion cone of the spiral-wound finer. 
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As shown more particularly in Figure 4, the axis of the engagement teeth fonnj an angle B 
with the axil of the ipiril-wouod tube. Thij angle B has an optimum vahxe lying between the 
•natural" expansion cone angle of the liner and zero, however zero is also acceptable. 

Figure 5 ihowi the most particularly preferred variant of the mventioa in which the finer is 
obtained by roffing up a strip about an axis that is at a certain angle relative to the axis of 
tymmetry of the strip. In the contracted position (Figure 5aX the edges form a double hefix 
around the finer. After expansion (Figure 5bX the two helixes coincide and the junction fine 
winds helically around the finer. 

Aparooiariyadvanta^^ 

be performed without changing the X length of the liner. It as shown in Figure 5c, the 
"diameters" of the Goer ire written 0c and De (where index £ corresponds to the finer being in 
the contracted state and index c to te finer in the expanded stateX and if the periods of the 
hefical curves foDcnved byte edgesare wrrttoHcaoiHe (wherethep 

heOx is defined as being the distance measured along the longinkfina] axis of the liner between 
two corresponding points that are one complete turn apart around the cyfindcr of diameter Dc 
(orDetftfaecaseinaybe)Xari 

a finer whose total length is X. it can be shown triat te lerigw L U ec^ to: 



X does not vary. 

Whh this dc^hefa configure 
tmer U of thickness W, ten the d^ 




and that consequently, if the tape is robed up in such a 



that * ^ , then the length 
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Ftn&Uy, toother consequence of this geometry is that til points on the surface of the finer move 
in a pUne perpendicuUf to the axis of the Hner during the expansion stage. If the ends of the 
double hefix finer are cut pcspcatfaiiarry to the longitudinal ana, then after expansion these 
ends wiO define perfect circles in plane that are themselves perpendicular to the longitudinal 
axis of the finer. This disposition is particularly frvorable for ensuring sealing of die 
completion at the ends of the liner. 

Figures 6 and 7 are highly diagrammatic and show two examples of completion using a spiral- 
wound finer of the invention, it being understood that these examples are not frnhing in any 
way. 

In the example shown in Figure 6, the spiral-wound tube b used for completing a zone in 
temporary manner. In a wcfl in deep water, the problem may be due to too small a difference 
between the fracturing gradient and the pressure of the fbnnation. There may ataroathrely be 
problems associated; for example, with the presence of formations that are highly unstable 
(clayey rock, sands, salts, etc.) in depletion tones, or other problems that are well known to 
the person skilkxi to the art Tte 

proportion to their length since anticipated completion thereof requires casing to be installed 
on an extra occasion, thereby reducing the diameter of the hole. 

The wen hu been drffled and cas^ 

continued beneath the casing shoe 2 to pierce a hole 3 that is substantially cyfridrical, and that 
is not cased, prior to reaching a rone 4 of length Lz which needs to be treated immediately 
(Figure 6a). The decision is taken to proceed with temporary co m plet ion using a liner of the 
invention. A spiral-wound finer 5 is pushed towards the bottom of the well by means of a 
double conical expansion tool 6 fixed at the end of a time 7. The expansion tube is caused to 
move on (Figure 6b) so as to spread apart the waBs of the finer until they reach a precefined 
diameter (Figure 6c). Once the finer is in place (Figure 6d) the expansion tool is returned to 
the sur&ce and the finer is cemented using finer cementing techniques (Figure 6e). In the case 
shown here, the finer is provided whh openings 8 to aDow cement to pass from the inside of 
the finer towards the annutus 9 which b to l» cemented 
shoe could be used 
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After expansion, the made dimeter of the liner is practically identical to the diameter of the 
hole in zones where there are no drilling problems (where necessary, the hole can be enlarged 
in the zone that requires treatment by means of a reamer). Drffiing can then be started again 
without airy need to drfll through a cemented zone, and the entire weM can be completed in 
accordance with the original drilling plan, and without any reduction in the diameter of the 
weJL 

It is dear that additional toots such as a centralotr could be used in corrtanatioa with the Oner 
of the invention- Also, the finer is preferably fitted with codpieces made of a material that is 
easily deformed and that is easy to drill (eg. aluminumX thereby guaranteeing that the spiral- 
wound liner is properly expanded over its entire length. 

A typical sequence of using a spiral-wound finer of the invention for completing a section of a 
reservoir is shown in Figure 7. Such an operation may be envisaged, for example, with 
formations that are unstable or sandy. 

The spiral-wound finer of the invention is brought in the contracted state to a non-cased 
section of the reservoir (Figure 7a) and it is then expanded by means of an expansion tool 
(Figures 7b and 7c). Like any other production finer, the finer of the invention is, in this case, 
pierced to alow product** fluids to pan therethrough, and as shown in Figure 8, it b 
preferably covered in a grid which may be fixed thereto, e.g. by being welded to the strip prior 
to spiral winding. The grid is preferably on the outside free of the finer, racing towards the 
waD. 

It should be observed that the sur&ce area of the rolled-up strip remains unaltered during 
expansion so wefls are not weakened by the spiral-wound finer of the invention being put into 
place and expanded. For the same reason, the size and distribution of the openings provided 
for allowing the production fluids to pass can be selected in a manner that b entirety 
independent of the diameters in the contracted state and in the expanded state. Thb makes it 
poss&le, in particular, to obtain a liner that b very strong in association with greater stability 
and longer fife of the well. 
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For » horizon weD, t «p«l-wound Ito 

can be placed very dose to the formation, even in the upper portion of the finer, and that is 
often not the case with a «mveuuonal liner that is mcapable of being wntneted- 

So long u it has not been cemented, a mini-wound liner can be withdrawn by means of a 
.pedal tool which separata the longitudinal edge* » u to aBow the liner to rott up again and 
retuni W a state lin^ to thtf of to tehiiJ contract 

only after several months or yean, care I* tak« to use a oaterial llirt is cai«abte of 
retaining hi elastic properties over such a long period of time. 

The geometry of the spiral-wound bier of the invention is entirely compatible with mass 
production at low cost. For example, it is possible to use metal strip, (where necessary 
ttat are welded together) tliat are pierce 

rollers or by a hydraulic press having a punth. The longitudinal edges are prtfe^ 
continuously so as to give them a toothed pioffle. and grids inay sunilarty 
along one of the longitudinal edges before winding into a spiral. Finally, the strip may be 
spiral-wound directly and then coiled, either continuously or else after being out up into equal 



In general, it is preferable to pay out a liner of the invest fiw » red smce thrt is chesper 
ooce the section to be completed b long, and more reliable since connections are omitted. 
Nevetthdesa, it is equally pc*siblete use 
zone by repeatedly placing and expanding lengths of Kner. 
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GLAMS 

1/ A finer for completing t hole in an underground formation, the finer being constituted by a 
spiral-wound strip, its longitudinal edges having complementary touching profiles such that 
after expansion the finer is circular in section. 

2/ A finer according to cUim 1, characterized m that the longitudinal edges define a contact 

surface of general direction D tying in a plane that forms a non-zero angle relative to the 
longitudinal axis of the finer. 

3/ A finer according to daim 2, characterized m that said angle formed by the general direction 
6 of the contact surface lies in the range 30* to 60°. 

4/ A finer according to any preceding daim, characterized in that the touching longitudinal 
edges have a sawtooth profile. 

5/ A finer according to any preceding daim, characterized in that the finer is obtained by 
rolling up a strip about an axis that is at a certain angle relative to the axis of symmetry of the 
strip. 

67 A finer according to any preceding daim, characterized in that it is provided with openings. 

7/ A finer according to claim 6, characterized in that it is covered in a grid. 

8/ A finer according to claim 7. characterized m that the grid is welded on. 

9f A method of completing a hole in an underground formation in which a spiral-wound strip 
is lowered down the hole, and the strip is opened untfl * brcuUr section b obtained by means 
of a conical placement tool for putting the longitudinal edges into a touching position. 

107 A method according to daim 4, characterized in that it also includes a cementing 
operation. 

11/ The use of die method according to claims 9 or 10, for temporary completion of zones 
that are depleted or unconsolidated. 
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12/ The use of the method According to cUtm 9 or 10, for repairing a casing. 

13/ The use of the method of daim 9 for completing a production zone. 

14/ A system for completing a hole in an underground formation, characterized in that it 
includes a Kner according to my one of claims I to S and an expansion tool suitable for 
splaying apart the longitudinal edges until they take up a position where they touch each other 
edgo-to-edge. 

15/ A. tool for withdrawing a finer according to any one of claims 1 to 8, the tool comprising 
. means for moving the longitudinal edges apart by ft diameter greater than the diameter 
comprising to ft circular section and enabling the finer to shrink so as to return to a spiral- 
wound configuration of a diameter that is smaD enough to enable the finer to be extracted from 
thawed. 
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